WE CLAIM: 



1. A method of fusing 



jptical fiber, comprising; 



Placing a first optical fiber formed of a silica 



glass and a second optical : 
temperature mult i- component 
configuration with a small gc 



iber formed of a first low- 
glass in an end-to-end 
p separating the fibers, said 



second mult i- component glasb having a softening point 
temperature that is lower tlln that of said silica glass; 

Asymmetrically helting the fibers to raise the 
temperature of the first opiical fiber (T^i) and the second 
optical fiber {T„c) such tJat T^i > T.c at the gap between 
the fibers, T,c > Tn,c- soft /where T,c-soft is the softening 
temperature of the first miJlti -component glass, T^i < Tsi-soft 
where T^i-soft is the soft^ing temperature of the silica 
glass ; and 

Moving the fibelrs together such that said fibers 
form thermal diffusion Lnds between the first optical 
fiber and the second optical fiber. 

2. The method of claim 1, wherein the step of 
asymmetrically heating Ihe fibers includes: 

Placing a heiting element proximate the silica 
glass at a distance df from the small gap separating the 
fibers; and 

Activating ihe heating element to generate heat 



3. The method of claim 2, wherein the heating 
element comprises a/pair of electrodes that are placed on 
either side of the /first optical fiber to generate an arc 
that heats the firit optical fiber. 

4. The me/hod of claim 2, wherein the heating 
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element comprises a heating/ filament that lies at least 
partially around the first ofctical fiber. 

5. The method of claim 2, wherein the heating 
element localizes the heat lonto the first optical fiber, 
which in turn acts as a heaf ing element to heat the second 
optical fiber. 

6. The method of cliim 2, wherein the bond between 
the fibers has a pull-strelgth in excess of lOOg. 

f 

7. The method of llaim 2, wherein the first low- 
temperature multi-componeJt glass comprises a glass network 
former selected from on^ of (phosphorus oxide P2O5 or 
germanium oxide GeO.) f rod 30 to 80 percent, a glass network 
modifier MO from 5 to fo percent, and a glass network 
intermediator L.O3 from 5 to 30 percent, wherein MO is 
selected from alkaline |arth oxides and transition metal 
oxides consisting of Bad, BeO, MgO, SrO, CaO, ZnO, PbO and 
mixtures thereof, and L,p3 is selected from AI2O3, B2O3, Y.O3, 
LazOj, and mixtures thereof. 



8. The method /of claim 2, wherein said second 
optical fiber is drawn|with an outer cladding formed from a 
second multi-component/ glass having a softening temperature 
higher than the firsi: mult i- component glass and a glass 
network that is more Compatible with forming strong thermal 
diffusion bonds with/the silica glass. 

9. The methoi of claim 8, wherein said second multi- 
component glass is L silicate glass that comprises a glass 
network of sil icon! oxide (SiO,) from 30 to 80 percent, a 
glass network modiiier MO from 5 to 40 percent, and a glass 
network intermedi|tor L.O3 from 5 to 3 0 percent, MO is 
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selected from alkaline earth /oxides and transition metal 
oxides consisting of BaO, BeO MgO, SrO, CaO, ZnO, PbO and 
mixtures thereof, and L.O3 is felected from AI2O3, B2O3, ¥203, 
LazOa, and mixtures thereof. 

10. The method of cl^"^ 8, further comprising the 

step of first: 

manufacturing a Jreform that includes the core 

and the inner cladding |ormed from the first multi- 
component glass and the Juter cladding formed from the 
second multi -component glais; and 

drawing the pre|orm to form the second optical 

fiber. 

11. A method of fu|ing optical fibers, comprising: 

Placing a first optical fiber formed of a silica 
glass and a second iptical fiber in an end-to-end 
configuration with a smill gap separating the fibers, said 
second optical fiber coLrising a core formed from a first 
low- temperature multi -component glass and an outer cladding 
formed from a second Lit i -component glass, said second 
multi-component glass Lving a softening point temperature 
that is higher than that of said first multi -component 
glass yet compatible Jith drawing both glasses to form said 
second optical fibert said second multi -component glass 
having a glass netwol that is more compatible than that of 
said first multi-clmponent glass with forming strong 
thermal diffusion biids with the silica glass; 

GeneratinI heat that causes said second optical 
fiber to soften wJle said first optical fiber does not 

soften; and | 

Moving Jie fibers together such that said fibers 
form thermal diffusion bonds between the first optical 
fiber and the sec{>nd optical fiber's outer cladding. 
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12 . The method of claim 
component glass is se 
germanate and said sec 
silicate . 



lecte i 



ond 



13 . The method of cla 
component glass comprises a 



from 3 0 to 80 percent, a g]a 
to 40 percent, and a glass Ae 



11, wherein said first multi - 
from one of phosphate or 
multi -component glass is 



Jn 12, wherein said first multi 
glass network former selected 



from one of (phosphorus oxiie P.Os or germanium oxide GeO^ 



ss network modifier MO from 5 
twork intermediator L2O3 from 5 



to 30 percent, wherein MO is selected from alkaline earth 
oxides and transition metai oxides consisting of BaO, BeO, 
MgO, SrO, CaO, ZnO, PbO Jid mixtures thereof, and L.O3 is 
selected from AI.O3, B.O3, ko3, La.03, and mixtures thereof. 



claim 13, wherein for the 
network former the glass network 



14 . The method 
phosphorus oxide P2O5 glas 
modifier MO is from 5 to|30 percent. 

15. The method o| claim 13, wherein the second 
optical fiber's core isf doped with 0.5 to 5 wt. % erbium 
and 0.5 to 30 wt . % yttlrbium. 

16 The method off claim 13, wherein said second multi 
component glass compriles a glass network of silicon oxide 
(Si02) from 30 to 80 Ircent, a glass network modifier MO 
from 5 to 40 percent, Ld a glass network intermediator UO, 
from 5 to 30 percent,! MO is selected from alkaline earth 
oxides and transitioJ metal oxides consisting of BaO, BeO, 
MgO, SrO, CaO, ZnO, f-bO and mixtures thereof, and L2O3 is 
selected from AI2O3, ^03, Y,0„ 1.^.0,, and mixtures thereof. 

17. The metho(| of claim 12, wherein said silica fiber 
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has a softening temperatujre 
mult i- component glass ha 
6 00 'C and said second mu] 
temperature less than 8 
temperature between 800 



0 ) 



greater than 1200 °C, said first 
a softening temperature less than 
ti-component glass has a softening 
C, said fibers being heated to a 
and 1200'C. 



18 . The method of 
component glass is 
component glass is tell 



claim 11, wherein said first multi- 
piosphate and said second multi- 
irite . 



19. The method of 



claim 18, wherein said first multi 
component glass comprisls telluride oxide TeO. from 30 to 80 
percent, a glass netwolk modifier MO from 2 to 40 percent, 
and a glass network intermediator XO from 2 to 30 percent, 
wherein MO is selected from alkaline earth oxides and 
transition metal oxidis consisting of BaO, BeO, MgO, SrO, 
CaO ZnO, PbO and mixtures thereof, and XO is selected from 
PbO, ZnO, W03,A1.03, B.63, Y.O3, La.03, and mixtures thereof. 



20 The method of claim 18, wherein said second multi 
component glass comprises a glass network of phosphorus 
oxide P.O. from 30 to 80 percent, a glass network mod:Lfier 
MO from 5 to 40 percent, and a glass network intermediator 
L.O3 from 5 to 30 percent, MO is selected from alkaline 
earth oxides and transition metal oxides consisting of BaO, 
BeO MgO, SrO, CaO, |nO, PbO and mixtures thereof, and L.O3 

is selected from AjL.03, B.O3, Y.O3, La.03, and mixtures 

thereof . 



21 . The method, 
has a softening t 



of claim 18, wherein said silica fiber 
Imperature greater than 1200-C, said 
tellurite glass has |a softening temperature less than 400*0 
and said phosphate glass has a softening temperature less 
5 than 600-C, said feibers being heated to a temperature 
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optical fiber f 



between 600°C and 1200°C. 



22. The nethod of claim 11, wherein said second 



arther comprises an inner cladding around 



uy\~±<^a± j-j-ijci ^v.-^ '-'■'■^■^ -i: 

said core, said Inner cladding being formed from said first 



mult i -component 



[lass . 



23. The mlthod of claim 22, wherein said outer 
cladding has a Jefractive index that exceeds that of said 
inner cladding. 



24 . The m 
step of first: 
manuf 



thod of claim 22, further comprising the 



ituring a preform that includes the core 
and the inber cladding formed from a first multi- 
component ^tass and the outer cladding formed from a 
second multl.- component glass; and 

drawini the preform to form the second optical 

fiber. 

25. The mephod of claim 24, wherein the preform is 

manufactured by: 

Forming a glass ingot from the first multi- 

component glass; 

Coring] 

rod; 

Inserting the core glass rod into an inner 
'tube also formed from the first multi- 
to form an assembly; 



cladding glass 
component glass 



the glass ingot to produce a core glass 



Drawir.g the assembly into a glass rod; 
Insert ing the glass rod into an outer cladding 
glass tube formed from the second mult i- component glass to 
form the preforni; and 



Drawirg the preform into the second optical 
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26. The method of claim 25, wherein the glass ingot 
is d(\ed with rare-earth elements. 

27\ The method of claim 24, wherein the preform is 

manufactured by: 

^Forming a glass ingot from the first multi- 

component flass; 

pring the glass ingot to produce a core glass 

rod ; ^ 

InLrting the core glass rod into an inner 

cladding gla^ tube also formed from the first multi - 
component glas\ to form an assembly; 
10 inserling the assembly into an outer cladding 

glass tube formJk from the second multi -component glass to 

form the preform,\and 

Drawing\the preform into the second optical 

fiber. 

28. The meth^ of claim 11, wherein said outer 
cladding is formed o\ the surface of the core. 

29. The method tof claim 28, wherein said second 
multi-component glass \ is designed and manufactured to 
reduce the diffusion o^ OH- ions from the outer cladding 

into the core, 

30. The method of V^^^ ^8, further comprising the 

step of first: 

Forming a glas^ i^got from 

component glass; 

Coring the glass V^got to produce a core glass 



the first multi 



rod; 
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inserting the core g/ass rod into an outer 
cladding glass tube formed from/he second mult i- component 
glass to form a preform; and 

Drawing the prefer/ into the second optical 

fiber. 

31 The method of cliim 11, wherein the cross- 
sectional area of the outer iladding is at least 50% of the 
cross-sectional area of the/second optical fiber. 

32 The method of /claim 31, wherein the optical 
properties of the second/optical fiber are determined by 
the first multi-compoi/ent glass and the mechanical 
properties are dominate^ by the thermal diffusion bonds 
between silica and the /second mult i -component glass. 

33 The method /of claim 11, wherein heating the 
fibers so that only tie second optical fiber softens causes 
the second optical If iber' s core to taper to a larger 
diameter at the horJ between the two fibers. 

7 

34 The metliod of claim 33, wherein the taper 
approximately matcLs the mode fields in the fiber cores. 

f 

35 The method of claim 11, wherein a heating element 
is positioned proximate the first optical fiber a distance 
do from the gap jLeparating the fibers. 

36 The iethod of claim 35, wherein said heating 
element asymitrically heats said fibers to raise the 
temperature /of the first optical fiber above the 
temperature Jf said second optical fiber thereby creating a 

5 temperature Ladient at the gap between the two fibers with 
the temperiure of said second optical fiber being above 
I 32 



^-F y/r^th qaid first and second 
the softening temperature of ^oth saia 

mult i- component glasses 

37 The method of clL 36, wherein the second 
optical fiber has an end faci that is exposed to the first 
optical fiber at the gap, thfe heating elements heating saxd 
first optical fiber thereby transferring heat down the 

5 first optical fiber to tie gap to heat and soften the 
second optical fiber's eni face. 

38 A method of dr/wing a mult i- component fiber that 
is compatible with fulon splicing to a silica fiber, 

comprising: | 

tnanufacturinl a preform that includes a core and 

5 an inner cladding fori d from a first mult i- component glass 
and an outer claddini formed from a second mult i -component 
glass, said second m/lti- component glass having a softening 
point temperature t/at is higher than that of said fxrst 
multi-component gliss and having a glass network that is 

10 more compatible tf n that of said first mult i- component 
glass with formiig strong thermal diffusion bonds with 

silica glass; andj/ 

drawini the preform to form the mult i- component 

fiber. j 

39. The /ethod of claim 38, wherein the preform is 

manufactured . 

Foriing a glass ingot from the first multi- 

component glass; 
5 coding the glass ingot to produce a core glass 

rod ; 

iLerting the core glass rod into an inner 
cladding lass tube also formed from the first multi- 
component jLlass to form an assembly; 
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Drawing the assembly yito a glass rod; 
inserting the glass jfod into an outer cladding 
glass tube formed from the secf d mult i- component glass to 

form the preform; and 

Drawing the prefoij^ into the second optical 

15 fiber. 

40. The method of cla/m 39, wherein the glass ingot 
is doped with rari-earth elements, 

41. The method of c/aim 38, wherein the preform is 

manufactured by: 

Forming a glafs ingot from the first multi- 

component glass; 
5 Coring the gfass ingot to produce a core glass 

rod ; 

inserting tie core glass rod into an inner 
cladding glass tube ilso formed from the first multi- 
component glass to fofrm an assembly; 
10 inserting fhe assembly into an outer cladding 

glass tube formed fr|m the second multi -component glass to 

form the preform; ar 

Drawing |he preform into the second optical 

fiber. 

42. A methoi of fusing optical fiber, comprising: 

Placingla first optical fiber formed of a silica 
glass and a secld optical fiber formed of a first low- 
temperature muiti-component glass in an end-to-end 
5 configuration with a small gap separating the fibers, said 
second optical liber comprising a core formed from a first 
low-temperaturJ multi-component glass and an outer cladding 
formed from a/ second multi -component glass, said second 
multi-componeif glass having a softening point temperature 
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10 that is higher than that of /said first mult i- component 
glass yet compatible with dra\/ng both glasses to form said 
second optical fiber, said ifeecond multi -component glass 
having a glass network that is more compatible than that of 
said first multi-componen/ glass with forming strong 

15 thermal diffusion bonds with the silica glass; 

Asymmetrically ^eating the fibers to raise the 
temperature of the first Optical fiber (T^i) and the second 
optical fiber (T^c) such/ that T^i > T^e at the gap between 
the fibers, T„c > T^esioft where T^c-soft is the softening 

20 temperature of the secind multi -component glass, Tgi < Tgi- 
,oft where T^i-soft is th^ softening temperature of the silica 
glass; and 

Moving the/fibers together such that said fibers 
form thermal diffusion bonds between the first optical 
25 fiber and the secor^ optical fiber. 

/ 

43. The method of claim 42, wherein the step of 
asymmetrically heiting the fibers includes: 

Placini a heating element proximate the silica 
glass at a dist/nce do from the small gap separating the 

5 fibers; and 

Activating the heating element to generate heat. 

44. The/ method of claim 43, wherein the heating 
element localizes the heat onto the first optical fiber, 
which in turfa acts as a heating element to heat the second 
optical fiber. 

45. The method of claim 43, wherein the bond between 
the tiherJ has a pull-strength in excess of lOOg. 

46. / The method of claim 42, wherein the first multi- 
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component glass is phosphate or germanate and the second 
mult i- component glass Ls silicate. 

47. The methoc^of claim 42, wherein the first multi- 
component glass is /ellurite and the second multi- component 
glass is phosphate 

48. The tt/thod of claim 42, wherein the cross- 
sectional area /f the outer cladding is at least 50% of the 
cross-section^ area of the second optical fiber so that 
the optical Properties of the second optical fiber are 
determined /y the first multi -component glass and the 
mechanical / properties are dominated by the thermal 
diffusion /bonds between silica and the second multi- 
component /glass 




36 



